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(71) We, Standard Telephones and 
Cables Limited, a British Company, of 
190 Strand, London. W.C2. England, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted to us, 
and the method by wMch it is to be per- 
formed, to be particularly described in and 
by the following statement: — 
This invention relates to ^paratus for 

10 the heat treatment of electrically conduc- 
tive materials, having particular application 
to the melting and casting of mateiiaJs that 
are highly reactive when hot and hence are 
particularly liable to contamination during 

15 heating by the material of which a contain- 
ing crucble is made. 

According to the invention there is pro- 
vided a crucible having a charge retaining 
wall formed by a hollow double open ended 

20 cluster of tubes of metal of high electrical 
and thermal conductivity spaced sufiEicientiy 
closely side by side along at least a part of 
their length towards one end of the cluster 
to prevent escape of molten charge material 

25 between the tubes and a charge retaining 
and supporting floor formed by a separate 
member inserted into said one end of the 
cluster and withdrawable therefrom. 
For tiie purposes of this specification a 

30 metal of high electrical and tiiennal con- 
ductivity is defined as a metal having a 
thermal conductivity of not less than 0.49 
gram calories per sec. per cm.- per *'C per 
cm. and a specific electrical resistance of 

35 not more than 2.665 X 10"* ohms per cm.* 
at 0'*C. Silver, gold and copper are suitable 
metals, silver being preferred since it can 
be highly polished to reduce the loss of heat 
from the charge by radiation. Alloys of 

40 these metals may be employed* or a sur- 
face coating of one metal such as silver 



on a member made of another metal such 
as copper. 

PrdEerred embodunents of the invention 
will now be described with reference to the 45 
accompanying drawings, in which: — 

Figs. 1 and 2 are a sectioned elevation 
and a plan view respectively of a first form 
of crucible, with Fig. 1 showing the section 
alonjg Ime X— X of Fig. 2, 50 

Fig. 3 is an underneath plan view of a 
second form of crucible. 

Fig. 4 is an elevation of a third form 
of crucible, 

Figs. 5 and 6 show stages in using any of 55 
the three forms of crucible to form an ingot 
from the crucible charge material 

Each fonn of crucible to be inserted is 
constructed from silver plated copper tubes 
of 5/16 inch outside diameter and 0.030 60 
inch wall thickness. Each form of crucible 
has a charge contaming wall formed by a 
hollow double open ended cluster of such 
tubes spaced sufficiently closely side by side 
(e.g. 1/16 inch apart) along at least a part 65 
of their length towards one end of the clus- 
ter, to prevent molten charge material 
escapmg between the tubes with their axes 
vertical around the periphery of the cru- 
cible. Each form of crucible has a charge 70 
retaining and supporting floor formed by a 
separate member inserted into the said one 
end of the cluster and withdrawable there- 
front 

Referrmg now to Figs. 1 and 2. the first 75 
form of crucible comprises a hoDow double 
open ended cluster of tubes 1 spaced suffi- 
cientiy closely side by side along a part I of 
their length towards one end of the duster 
to prevent molten crucible charge material 80 
escaping between the tubes. 

The crucible is shown in its vertical oper- 
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ating position, and at the lower end of the 
closely spaced tube length I» is a separate 
pedestal 2 inserted into the duster to form 
die charge retaining and supporting floor 
5 of the crucible. As will be described later, 
this pedestal, at its upper sui&ce, is in 
direct contact with mdten charge material, 

and-is,-at-least at-its-upper-(Lcfloor_forin'^ 

ing) surface, of suitably resistant material. 

10 Such suitably resistant material may be re- 
fractory material, material which is the same 
as that of ths charge, or a metal of high 
electrical and thermal conductivity, for ex- 
ample silver plated copper as tiie tubes. 

15 If of such a metal, the pedestal also includes 
means for fluid cooling this metal floor sur- 
face, as by constructing the floor forming 
part 3 of the pedestal as a hollow silver 
plated copper shell, with inlet and outl^ 

20 coolmg fluid (e.g. water) feeds into the sheD 
contained in the stem 4 of the pedestaL 

The tubes 1 at the lower end of the 
cluster are splayed to facilitate insertion of 
the pedestal and the tubes 1 are closed at 

25 this lower splayed end of the cluster. 

Above the closely spaced tube length I 
the tubes 1 may continue so closely spaced, 
but preferably are formed outwardly as 
shown in Fig. 1 to enlarge the cluster to 

30 provide an increased volume for containing 
solid charge material. Qearly the maxi- 
mum side by side spacing of the tubes 
should not exceed the minimum particle or 
lump size of the initial charge material. 

35 At the top end of the crucible is an an- 
nular cooling fluid manifold 5 with an inlet 
6 and an outlet 7 communicating respec- 
tively with an inlet chamber 8 and an outlet 
chamber 9 formed by an annular dividing 

40 plate 10. 

Each of the upper ends of the tubes 1 
conununicate with the inlet chamber 8, and 
each of the tubes 1 contains a narrower tube 
11 which communicates at its upper end 

45 with the outiet chamber 9. Each of the 
tubes 11 extends down its respective con- 
taimng tube 1 to terminate open ended 
short of the closed end of the tube 1 so that 
cooling fluid may pass down the tube 1 and 

50 back through the inner tube 11. 

The crucible is charged through the aper- 
ture 12 in the manifold 5. 

Hg. 3 shows a second form of crucible 
which generaUy resembles that shown in 

55 Figs. 1 and 2, having a hollow double open 
ended cluster of tubes 31 suffidenfly closdy 
spaced side by side along at least a part of 
their length to prevent molten crudble 
charge material escaping between the tubes, 

60 a withdrawable floor forming pedestal 32 
inserted mto the splayed lower end of the 
cluster, and a top cooling fluid manifold 33, 
but m this form of crucible each adjacent 
pair of tubes of the duster formmg the cni- 

65 dble charge retaining wall is formed by a 



single tube communicating at each end with 
the manifold, one end with the inlet side 
and the other end with the outlet side, each 
single tube being bent as shown at 34 at the 
lower end of the crudble. 70 

In the third form of crucible shown in 
Fig. 4, the closdy spaced tube length 
_ splayed l ower end , pedestal floor an d cool- 



ing manifold are as already described for 
the crudble shown in Figs. 1 and 2 and 75 
like references have been used. Since, as 
already motioned, the spacing of the tubes 
1 in the upper portion of the crucible must 
be such as to contain the initial charge 
material, in order to obtain a further in- 80 
crease in initial charge containing volume 
additional tubes 41 are inserted one between 
each of the outwardly formed tubes 1 above 
the dosely spaced tube length of the cru- 
dble, 85 

Each of these additional tubes 41 com- 
municates at its upper end with the inlet 
part of the cooling manifold 5 and is dosed 
at its lower end to terminate in a shaped 
end 42 tapering into the general inward 90 
shaping of the tubes 1. Each additional tube 
41 contains a narrower tube 43 communi- 
cating at its upper end v/ith the outlet side 
of the manifold and terminating open ended 
short of the lower closed end of the con- 95 
taining tube 41 so that cooling fluid may be 
passed down the tube 41 and return through 
the inner tube 43. 

In all the above described forms of cru- 
cible, the wall forming tube lengths may be 100 
flattened, at least over the dosely spaced 
tube length of the crudble, on the inside 
and the outside from a circular section to 
provide* for a g^voa tube starting diameter, 
a larger molten charge containing volume 105 
diameter. 

When a crucible of one of the forms des- 
cribed above is incorporated in apparatus 
for the heat treatment of electrically con- 
ductive materials, a primary induction coil 110 
50 (Fig. 5) encircles the crucible 52 around 
the closdy spaced tube length I of the cru- 
cible to serve as a source of high frequency 
current when cormected to a suitable power 
supply (not shown) to establish circumfer- 115 
ential circulating cunents in each of the 
tubes forming the crudble wall, through 
which cooling fluid, e.g. water, is ckculated 
via the cooling manifold 53. and in a charge 
54 of conductive material in ±e crucible, 120 
so that the charge is heated over a narrow 
horizontal zone 54A above the charge mdt- 
ine: point 

The crucible floor forming pedestal 55 is 
located within the lower end of the closely 125 
spaced tube length / with the charge 45 rest- 
ing thereon so that on formation of the 
melted zone, this zone has its lower surface 
contiguous with the floor surface of the 
pedestal 55. 130 
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The magnetic fields due to the circulatuig 
currents induced in the wall of the crucible 
and hence in the charge result in mutual 
repulsion between the molten charge zone 
5 54A and the adjacent tube surfaces of the 
enable. If the current density is sufficiently 
rugh the charge is forced away from the ad- 
jacent crucible surfaces, and this absence of 
contact between molten charge and crucible 
10 greatly reduces the heat loss from the char® 
and also vntually eliminates the possibility 
of charge contamination by the crucible 
material. 

The apparatus may also include means, 

15 such as a quartz envelope (not shown) for 
^closing the crucible within a suitable at- 
mosphere, e.g, mert. or reducing as hydro- 
gen for a charge of chromium. The appara- 
tus may further include a solid charge hop- 

20 per (not shown) located above the crucible 
for feeding the crucible with fresh charge 
material, as indicated by twin arrows 56. 

The apparatus also mcludes means, such 
as a powered linear shaft drive, for effect- 

25 mg continuous downward withdrawal of the 
pedestal 55 out of the crucible. This with- 
drawal is commenced once the horizontal 
molten zone 54A has been established. As 
the charge supportuig floor drops, the 

30 charge drops with it, and away from the 
mduction coil with the result that the low- 
est portion of the charge sohdifies. 

As the pedestal is withdrawn out of the 
bottom of the crucible, the contmuously 

35 solidifymg lower portion of the charge, 54B 
in Fig. 6, ^ectively functions as a plug to 
retain the remainder of the charge within 
the crucible. 
This plug constitutes a solid ingot of the 

40 charge material being formed by with- 
drawal of the pedestal a requured distance 
from the crucible. The charge level in the 
crucible may be maintamed by fresh 
charge from the hopper, and the charge 

45 material in the crucible is contmuously 
passed through the induction coil to be 
melted and then to be solidified into the 
plug portion 54B. 
When an ingot of the required length has 

50 been formed, the power is switched off and 
the mgot removed. The pedestal is removed 
from the end of the ingot, as by cutting 
close to the end of the ingot if the pedestal 
surface is of die same material as that of 

55 the ingot or possibly if the pedestal floor 
surface is of refractory material to remove 
any trace of impurity therefrom. 

WHAT WE CLAIM IS: — 
LA anacible havmg a charge retaining 
60 wall formed by a hollow double open ended 
cluster of tubes of metal of high electrical 
and thermal conductivit)' spaced suffici^tiy 
closely side by side along at least a part of 
then length towards one end of the cluster 



to prevent escape of molten charge material 65 
b^een the tubes and a charge retainmg 
and supporting floor formed by a separate 
member inserted into said one end of the 
cluster and withdrawable therefrom. 

2. A crucible as claimed in daim 1 in 70 
which the tubes are splayed at said one end 

of the cluster. 

3. A crucible as claimed m daim 1 or 
2 in which at least the floor surface of said 
member is of refiractory material 75 

4. A crucible as daimed in daim 1 or 
2 in which at least the floor surface of said 
member is of the same material as the cru- 
cible charge material. 

5* A crucible as daimed in claim 1 or 80 
2 in which at least the floor surface of said 
member is of a metal of high electrical and 
thermal conductivity, and in jwhich said 
member indudes means for fluid coohng 
said metal floor surface. 35 

6. A crucible as claimed in any one of 
claims 1 to 5 comprismg an annular mani- 
fold connected to the tubes at die other end 
of the duster. 

7. A crucible as claimed in claim 6 in 90 
which the cluster is formed by separate 
tubes each dosed at die said one end of the 
cluster and each containing a narrower tube 
connected to the manifold and terminating 
open ended short of the closed end of its 95 
containing tube. 

8. A crucible as claimed m claim 6 in 
which the cluster is formed by bent tubes 
each connected at each end thereof to the 
manifold. jqq 

9. A crucible as daimed in any one of 
claims 1 to 8 in which said cluster is en- 
larged towards the said other end beyond 
the molten charge containing length. 

10. A cmdble substantially as described 105 
and as shown in Figs. 1 and 2, or in Fig. 

3, or in Fig. 4 of the accompanying draw- 
ings. 

11. Apparatus for forming an ingot of 
electrically conductive material induding a 110 
crucible as clauned in any one of daims 1 

to 10, means for passing cooling fluid 
through the crucible tubes, a prnnary mduc- 
tion coil surrounding the closely spaced 
tube length of the crucible, and means for 115 
effectmg withdrawal of the floor forming 
member from an initial location within the 
dosely spaced tube lengtii out of the clus- 
ter through said one end. 

12. A method of forming an ingot of 120 
electrically conductive material which in- 
cludes tiie steps of charging the material 
mto the crudble clauned in any one of 
clanns 1 to 10, passing cooling fluid through 
the crucible tubes, rendering molten by a 125 
primary induction coil surrounding the 
closdy spaced tube lengtii of die crudble 
that portion of the charge contained there- 
in, and withdrawing tiie floor forming mem- 
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k A mefliod of forming an ingot of 
h-;/«411t7 rnnrlitrHvi& maten2l substan- 

10 



her of the cradble from an initial location 14. A method of fonmng an m^of 

^ dtosdy spaced tube length electrically conductive material sab^- 

™ SI duster throu^ said one end. daily as ctesmbed with «*rena to Figs. 

13 Appamtusforfol^ganingotof 5 and 6 of the ;^m^^g diawmgs. 

electrically conductivB material substantially ^. )^r^\' 

1L described and as shown.in Hgs. 5 and 6 ^^il^iu^? 

of the accompanying diawmgs. For the Appucanc 
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